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Background: Experimental evidence exists indicating 
that maternal thyroid hormones during pregnancy may affect 
the metabolic set point and cardio-vascular function in the 
offspring. The objective of this study was to investigate the 
association between maternal thyroid function in week 30 of 
gestation and offspring adiposity and blood pressure at 20 y.
Methods: The study was based on the follow up of a Danish 
birth cohort from 1988 to 1989 (n = 965). A blood sample was 
drawn from the pregnant women in week 30 of gestation (N = 
877). In 2008–2009, the offspring were followed up with self-
reported anthropometrics (N = 645) and a clinically measured 
blood pressure (N = 425). Multiple linear regressions were used 
to estimate the association between maternal thyroid function 
and offspring BMI, waist circumference, and blood pressure.
Results: Offspring of subclinical hypothyroid women had 
higher systolic blood pressure (adjusted difference = 3.6, 95% 
confidence interval: 0.2, 7.0 mmHg) and a tendency toward 
higher diastolic blood pressure (adjusted difference = 2.3, 95% 
confidence interval: −0.2, 4.9 mmHg) compared to offspring 
of euthyroid women. No association was found with offspring 
BMI and waist circumference.
Conclusion: Maternal thyroid function during third trimes-
ter of pregnancy may affect long-term blood pressure in the 
offspring.

Thyroid disease is a relatively common disorder in women 
of reproductive age (1–3) and overt as well as subclinical 

disease has been shown to be associated with increased risk 
of adverse pregnancy outcomes such as miscarriage, preterm 
birth, small for gestational age, and stillbirth (1,4–11).

The development of many diseases takes years and factors 
affecting disease risk may operate throughout life. Hence, the 
programming theory proposes that an unsuitable environment 
at sensitive periods of development might result in long-term 
changes in the structure and function of the organism and 
thereby increase the risk of developing diseases later in life (12).

The fetal thyroid gland is not capable of producing hor-
mones during the first half of pregnancy, making the fetus 
entirely dependent on maternal supply. Thyroid hormones are 
important for proper regulation of fetal brain development 
(13,14) and overt maternal hypothyroidism during pregnancy 
has been found to be associated with impaired neurological 
development in the offspring, (11,15,16) whereas the associa-
tion with subclinical hypothyroidism is less clear (17–20).

Generally, little is known about the possible long-term conse-
quences in offspring exposed to maternal thyroid disease during 
fetal life. However, recent evidence points toward a program-
ming effect on neurodevelopmental disorders such as seizure 
disorders, autism, and attention deficit hyperactivity disorder 
(ADHD) (21–23). Also, experimental studies in mice have 
shown that thyroid hormones may be important for the devel-
opment of specific hypothalamic centres governing cardio-vas-
cular function (24), indicating that maternal thyroid function 
during pregnancy may have the potential to permanently pro-
gram offspring cardiovascular function. Likewise, experimental 
studies have shown that thyroid hormone signaling during fetal 
life is involved in determining the metabolic set point in the off-
spring and thereby potentially affecting future adiposity (25).

Only one study has previously investigated the association 
between maternal thyroid dysfunction and offspring cardio-
metabolic risk factors (26). In this study, no association was 
found with either subclinical or overt maternal thyroid disease. 
However, the results indicated that both low maternal thyroid-
stimulating hormone (TSH) and high free T4 were associated 
with a lower BMI in the 6-y-old offspring and that low TSH 
was associated with a lower diastolic blood pressure. The off-
spring in this study were, however, relatively young and more 
research is needed on the subject.

Hence, the objective of this study was to investigate the asso-
ciation between maternal subclinical hypo- and hyperthyroid-
ism as well as quintiles of TSH and free T4 (fT4) in week 30 
of gestation and offspring adiposity and blood pressure at age 
19–20 y.
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RESULTS
Offspring of mothers with no exposure information were more 
often girls and tended to have a lower birth weight compared 
to offspring of mothers with exposure information (Table 1). 
Among offspring of mothers with exposure information, non-
participants had a lower birth weight and their mothers tended 
to have a higher prepregnancy BMI and were more likely to 
smoke during pregnancy compared to participants. In addi-
tion, participants who only filled out the questionnaire but did 
not participate in the clinical examination were more likely to 
be male and the females had a higher self-reported BMI com-
pared to those who participated in the clinical examination.

None of the mothers fulfilled the criteria for overt hypothy-
roidism, whereas two women could be classified as hyperthy-
roid. The distribution of both maternal and offspring covariates 
were similar among euthyroid, subclinical hypothyroid, and 
subclinical hyperthyroid mothers (Table 2). However, there 
was a tendency toward a lower birth weight in offspring of 

hypothyroid mothers and in this group offspring also reported 
parental overweight less frequently at follow-up.

No association was found between maternal subclinical 
thyroid disease and offspring adiposity measured as BMI 
and waist circumference at 20 y (Table 3). However, mater-
nal subclinical hypothyroidsm was associated with a higher 
systolic and diastolic blood pressure in the 20-y-old offspring 
compared to offspring of euthyroid women in the minimally 
adjusted model (model 1) (Table 4). Further adjustment for 
maternal age, smoking, and dietary iodine intake during 
pregnancy, education, and parity tended to slightly attenu-
ate the associations (model 2) which however remained sta-
tistically significant for systolic blood pressure. The same 
tendency was seen in offspring of women with subclinical 
hyperthyroidism. However, the very low number of partici-
pants in this exposure group (N = 9–13, depending on the 
outcome) resulted in wide confidence intervals and high vul-
nerability to adjustments.

Table 1.  Maternal and offspring characteristics at different levels of participation, Aarhus, Denmark, 1988–2009

Level of participation

No exposure 
information (n = 38)

No participation  
(n = 210)

Questionnaire 
only (n = 242)

Clinical examination 
(n = 425)

Maternal characteristicsa

Smoking 16 (47) 98 (49) 81 (36) 150 (37)

Parity

  0 27 (73) 109 (54) 135 (57) 249 (59)

  1 7 (19) 68 (34) 80 (34) 129 (31)

  ≥2 3 (8) 24 (12) 21 (9) 43 (10)

Prepregnancy BMI 21,7 (3.0) 21,8 (3.8) 21,1 (2.5) 21,4 (3.0)

Age, years 29,2 (4.0) 28,8 (4.6) 29,1 (4.0) 29,3 (4.1)

Maternal education

  Elementary school 4 (12) 41 (22) 27 (13) 37 (9)

  High-school or technical school 7 (21) 66 (35) 53 (25) 89 (23)

  University 13 (39) 55 (29) 84 (39) 159 (40)

  Higher academic 6 (18) 11 (6) 38 (18) 76 (19)

  Other 3 (9) 16 (8) 11 (5) 33 (8)

  TSH (mIU/l) – 1.66 (0.95) 1.51 (0.77) 1.63 (1.08)

  Free T4 (pmol)l) – 13.71 (1.76) 13.94 (1.38) 13.80 (1.56)

Offspring characteristicsb

Sex, male 13 (34) 143 (68) 150 (62) 170 (40)

Birth weight, g 3,350 (568) 3,387 (551) 3,562 (530) 3,524 (505)

Gestational age, days 285 (10) 282 (11) 283 (12) 283 (119)

Smoking (%) 48 (20) 72 (17)

Parental overweightc 88 (38) 147 (37)

Self-reported BMI 22.6 (2.0) 21.8 (2.8)

Exercise, yes 165 (68) 308 (74)

Strenous exercise, yesd 134 (58) 255 (64)

Data are means (SD) or n (%).
aInformation collected from a self-administered questionnaire and structured interview of the pregnant women in week 30 of gestation. bInformation collected from a  
self-administered web-based questionnaire to the offspring at the age of 19–20 y. Gender, birth weight, and gestational age collected from birth records. cParticipants were asked 
whether they would consider any of their parents to be overweight. dDefined as exercise of at least 20 min duration, resulting in breathlessness.
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Examining maternal levels of TSH and T4 separately, no 
overall association was observed (Tables 5 and 6).

Sensitivity analyses using multiple imputations to impute 
missing values tended to attenuate the estimated differences 
for the anthropometric measures, particularly for the off-
spring of subclinical hyperthyroid mothers. With regard to 
blood pressure, the sensitivity analysis further strengthened 
the association between maternal subclinical hypothyroid-
ism and offspring blood pressure (difference in systolic blood 
pressure: 3.7, 95% confidence interval: 0.6, 6.8 mmHg and 
difference in diastolic blood pressure: 2.5, 95% confidence 
interval: 0.2, 4.9 mmHg compared to offspring of euthy-
roid mothers) whereas the association between maternal 

subclinical hyperthyroidism and blood pressure was com-
pletely abolished.

In the sensitivity analyses using clinically measured anthro-
pometric measures, estimates changed to some degree com-
pared to the analyses using self-reported measures, but still no 
statistically significant association was found with maternal 
thyroid function (Supplementary Tables S1–S3 online).

The estimated differences for the anthropometric measured 
showed some sensitivity toward adjustments for offspring TSH 
or T4, but adjustments did not change the overall conclusion 
of no associations. Adjustments for offspring TSH and free T4 
did not change the estimated associations between maternal 
thyroid function and offspring blood pressure.

Table 2.  Maternal and offspring characteristics dependent on maternal thyroid function in week 30 of gestation in the DaFO88 Cohort, Aarhus, 
Denmark 1988–2009

Subclincal hypothyroidsm  
(n = 48)

Euthyroidism  
(n = 606)

Subclinical 
hyperthyroidism (n = 13)

Maternal characteristicsa

Parity

  0 33 (70) 445 (58) 6 (46)

  1 11 (23) 194 (33) 4 (31)

  ≥2 3 (6) 58 (10) 3 (23)

Age 28.2 (3.5) 29.2 (4.1) 30.7 (3.2)

Smoking (yes) 19 (43) 208 (36) 4 (33)

Prepregnancy BMI 21.5 (4.2) 21.3 (2.8) 22.1 (2.5)

TSH, mIU/l 3.88 (1.79) 1.44 (0.58) 0.20 (0.12)

fT4, pmol/l 13.7 (1.52) 13.9 (1.50) 14.4 (1.22)

Education

  Elementary school 2 (4.8) 61 (11.0) 1 (18.33)

  High-school or technical school 10 (23.8) 127 (23.0) 5 (41,7)

  University 18 (42.9) 221 (40.0) 4 (33.3)

  Higher academic 7 (16.7) 105 (19.0) 2(16.7)

  Other 5 (11.9) 39 (1,7) 0 (0)

Birth weight, g 3,389 (560) 3,548 (508) 3,608 (573)

Gestational age, days 281 (10) 283 (11) 284 (16)

Offspring characteristicsb

Smoking

  Yes 7 (15) 113 (19) 0 (0)

  Ex 2 (4) 25 (4) 0 (0)

  Occasional 11 (24) 144 (24) 3 (25)

  No 26 (57) 309 (52) 9 (75)

Exercise 34 (72) 428 (72) 11 (85)

Strenous exercisec 24 (51) 356 (62) 9 (69)

Parental overweightd 12 (26) 218 (38) 5 (39)

Selfreported BMI, kg/m2 22.6 (3.7) 22.0 (2.8) 22.9 (3.9)

Sex, male (%) 27 (56) 288 (48) 5 (38)

Data are means (SD) or n (%).
aInformation collected from a self-administered questionnaire and structured interview of the pregnant women in week 30 of gestation. bInformation collected from a self-
administered web-based questionnaire to the offspring at the age of 19–20 y. Gender, birth weight, and gestational age collected from birth records. cDefined as exercise of at least 
20 min duration, resulting in breathlessness. dParticipants were asked whether they would consider any of their parents to be overweight.
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A total of two women with offspring participating in the 
follow-up and normal TSH levels had a free T4 concentra-
tion above the reference level and another two had a free T4 
concentration below the reference level. According to the 
applied definition, these women were categorized as euthyroid. 
Excluding them from the analyses did not change the results.

DISCUSSION
Results from the present study indicate an association between 
maternal subclinical thyroid disease during pregnancy and 
blood pressure in the 20-y-old offspring. Hence, maternal 
subclinical hypothyroidism during pregnancy was associated 
with higher diastolic and systolic blood pressure. The same 
tendency was observed in offspring of women with subclinical 
hyperthyroidism, but the number of women in this category 
was relatively low. No overall association was found between 
maternal thyroid function and offspring adiposity and between 
maternal TSH and free T4 in quintiles and offspring blood 
pressure or adiposity.

A major strength of this study is the long-term follow-up 
into young adulthood. The unique personal identification 
number in Denmark enabled us to identify and contact a large 
proportion of the offspring from the DaFO88 cohort 19–20 y 
after their birth. As is often the problem in these long-term 
follow-up studies, however, we experienced problems with 
attrition. Hence, 76% gave information about self-reported 
anthropometry and 48% participated in the clinical exami-
nation. We cannot exclude the possibility that participation 
was associated with adiposity and blood pressure. This is also 
indicated by the data showing that nonparticipation was asso-
ciated with lower birth weight, higher maternal prepregnancy 
BMI, maternal smoking during pregnancy, offspring sex and 
for the clinical examination also higher self-reported BMI 
and a tendency towards less engagement in physical activity. 
However, TSH and free T4 concentrations were not different 
for mothers of offspring participating in the follow-up and 
those who did not, indicating that the risk of selection bias 
was limited.

The association between maternal thyroid function and off-
spring adiposity, was estimated using self-reported informa-
tion, which might have led to some degree of underreporting. 
However, whereas validation of the self-reported informa-
tion using clinically measured BMI (n = 423) and waist cir-
cumference (n = 407) did indicate some underreporting, this 
underreporting did not depend on maternal TSH or free T4. 
We cannot exclude that this has biased the association between 
maternal thyroid function and offspring adiposity towards no 
association. However, repeating the adiposity related analyses 
using clinically measured BMI and waist circumference did 
not change the overall conclusion of no association.

In the study, we adjusted for a number of potential con-
founders. We can, however, not exclude the possibility of resid-
ual and unmeasured confounding. The size of the study and in 
particular the small number of women with subclinical thy-
roid disease also limited the possibility of adjustments. It was 
decided not to include offspring life style habits in the analyses, 
since this information was collected cross-sectionally with the 
outcome. Hence, the direction of an association between, e.g., 
exercise and BMI was uncertain and adjustments could lead to 
collider bias. Also, birth weight and gestational age were not 
adjusted for in the main analysis since they could be part of the 
causal pathway. Adjusting for these factors in secondary anal-
yses, however, did not change estimates materially. We tried 
to adjust for dietary intake of iodine during pregnancy. The 
intake of iodine was estimated based on self-reported diet, and 
a considerable amount of residual confounding is assumed to 
be present. It is, however, a strength that all women were living 
in the same geographical area indicating that the iodine intake 
through the drinking water was similar for all women.

The maternal concentration of free T4 and TSH was mea-
sured from blood samples collected in week 30 of gestation. 
At this time of gestation, the fetal thyroid gland is functioning 
and the fetus is probably less sensitive to maternal concentra-
tions. It is however likely, that women categorized as having 

Table 3.  Association between maternal thyroid function in week 30 of 
gestation and offspring adiposity at 20 y, Aarhus, Denmark, 1988–2009

Maternal thyroid  
function

Mean  
(SD)

Model 1a Model 2b

Diff 95% CI Diff 95% CI

BMI (kg/m2)

Subclin hypothyroidc (46) 22.6 (3.7) 0.43 −0.41, 1.28 0.49 −0.41, 1.39

Euthyroid (586) 22.0 (2.8) Ref Ref

Subclin hyperthyroidd (13) 22.9 (3.9) 1.06 −0.60, 2.72 1.41 −0.33, 3.16

Waist (cm)

Subclin hypothyroidc (45) 83.0 (11.8) 1.2 −1.7, 4.2 1.2 −1.8, 4.2

Euthyroid (593) 81.3 (9.9) Ref Ref

Subclin hyperthyroidd (13) 83.7 (11.7) 3.0 −2.7, 8.7 4.0 −1.9, 9.8
aModel 1: Adjusted for maternal prepregnancy BMI and offspring sex. bModel 2: Adjusted 
for maternal prepregnancy BMI, maternal education, smoking during pregnancy, 
maternal age, parity, maternal dietary iodine intake, and offspring sex. cDefined as TSH>3 
mIU/l and fT4 < 18.8 pmol/l. dDefined as TSH < 0.36 mIU/l and fT4 > 9.8 pmol/l.

Table 4.  Association between maternal thyroid function in week 30 
of gestation and offspring blood pressure at 20 y, Aarhus, Denmark, 
1988–2009

Maternal thyroid 
function Mean (SD)

Model 1a Model 2b

Diff 95% CI Diff 95% CI

Systolic blood pressure (mmHg)

Subclin hypothyroidc (33) 115.6 (11.9) 4.0 1.6, 7.1 3.6 0.2, 7.0

Euthyroid (383) 109.4 (10.5) Ref Ref

Subclin hyperthyroidd (9) 112.2 (9.3) 3.5 3.3, 9.9 3.9 −2.6, 10.4

Diastolic blood pressure (mmHg)

Subclin hypothyroidc (33) 67.8 (7.7) 2.6 0.2, 5.0 2.3 −0.2, 4.9

Euthyroid (383) 65.4 (6.7) Ref Ref

Subclin hyperthyroidd (9) 67.7 (6.7) 1.7 −3.2, 6.6 1.3 −3.7, 6.2
aModel 1: Adjusted for maternal prepregnancy BMI and offspring sex. bModel 2: 
Adjusted for maternal prepregnancy BMI, maternal education, smoking during 
pregnancy, maternal age, parity, maternal dietary iodine intake and offspring sex. 
cDefined as TSH > 3 mIU/l and fT4 < 18.8 pmol/l. dDefined as TSH < 0.36 mIU/l and fT4 
> 9.8 pmol/l.
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subclinical thyroid disease in week 30 of gestation also were 
affected in early pregnancy. Also, maternal supply of thyroid 
hormones still could influence the regulation of fetal hormone 
production in late gestation.

The association between subclinical hypothyroidism and 
offspring blood pressure is in line with experimental evidence 
(24). Hence, studies in mice have indicated that maternal 
hypothyroidism during pregnancy may be important in regu-
lating the development of specific fetal hypothalamic centers 
involved in the autonomic control of blood pressure. It is 
possible that deviation from normal thyroid function, inde-
pendently of whether it is hyper- or hypothyroidism, is affect-
ing the development of these hypothalamic cells. This could 
potentially explain why we in this study also found an adverse 
association between subclinical hyperthyroidism and offspring 
blood pressure. However, in our study, very few women were 
categorized as having subclinical hyperthyroidism and the 
sensitivity analysis using multiple imputations completely 

abolished the association with blood pressure. Hence, larger 
studies are needed to explore the potential association between 
subclinical hyperthyroidism and blood pressure.

The lack of overall association between maternal TSH and 
free T4 when analyzed separately could indicate that only 
thyroid hormone levels outside the normal range affect the 
development of blood pressure in the offspring. Hence, in the 
highest and lowest quintiles of TSH, only 38 and 11% had lev-
els above 3 mIU/l or below 0.36 mIU/l respectively, indicating 
that a possible association between extreme values of, e.g., TSH 
may have been diluted by women within the reference range.

Only one previous study has investigated the association 
between maternal thyroid function during pregnancy and 
offspring cardio-metabolic health in humans. In this study, 
maternal hypothyroidism or hyperthyroidism was not associ-
ated with offspring blood pressure or adiposity at 6 y. However, 
the study did see an association between both a low mater-
nal TSH and a high free T4 and a lower BMI in the 6-y-old 

Table 5  Association between quintiles of maternal TSH in third 
trimester of pregnancy and offspring adiposity and blood pressure at 
20 y, Aarhus, Denmark, 1988–2009

Quintiles 
maternal TSHa N

Mean  
(SD)

Adjusted 
differenceb 95% CI

BMI (kg/m2)

Q1 120 22.2 (3.2) 0.14 −0.60, 0.87

Q2 134 22.1 (2.7) 0.17 −0.54, 0.88

Q3 136 21.6 (2.5) Reference

Q4 131 22.2 (3.0) 0.25 −0.46, 0.97

Q5 124 22.1 (3.1) 0.20 −0.54, 0.94

Waist circumference (cm)

Q1 126 80.8 (10.4) −0.9 −3.8, 1.6

Q2 138 82.2 (11.0) 0.8 −1.6, 3.2

Q3 136 80.2 (9.3) Reference

Q4 128 81.9 (9.4) 0.0 −2.4, 2.4

Q5 123 82.5 (10.4) 1.1 −1.3, 3.6

Systolic blood pressure (mmHg)

Q1 73 110.3 (11.1) −0.2 −3.1, 2.7

Q2 101 109.0 (10.1) −1.3 −4.0, 1.4

Q3 84 109.4 (11.3) Reference

Q4 83 109.0 (10.7) −2.2 −5.0, 0.5

Q5 84 112.1 (10.3) −0.3 −3.1, 2.6

Diastolic blood pressure (mmHg)

Q1 73 65.5 (6.9) −0.2 −2.4, 2.1

Q2 101 66.2 (7.6) −0.2 −2.3, 1.8

Q3 84 65.4 (5.9) Reference

Q4 83 65.2 (5.8) −0.7 −2.8, 1.5

Q5 84 65.7 (7.4) −0.6 −2.8, 1.6
aRange of TSH concentrations among mothers with offspring participating in the follow-
up: Q1 (0.005–0.904 mIU/l); Q2 (0.914–1.27 mIU/l); Q3 (1.28; 1.62 mIU/l); Q4 (1.63–2.14 
mIU/l); Q5 (2.15; 13.5 mIU/l). bAdjusted for maternal prepregnancy BMI, maternal 
education, smoking during pregnancy, maternal age, parity, maternal dietary iodine 
intake, and sex.

Table 6.  Association between quintiles of maternal fT4 in third 
trimester of pregnancy and offspring adiposity and blood pressure at 
20 y, Aarhus, Denmark, 1988–2009

Quintiles 
maternal fT4a N

Mean  
(SD)

Adjusted 
differenceb (95% CI)

BMI (kg/m2)

Q1 120 22.1 (2.8) −0.1 −0.8, 0.7

Q2 134 21.7 (2.7) −0.3 −1.0, 0.5

Q3 136 22.1 (3.0) Reference

Q4 131 22.3 (3.4) 0.2 −0.5, 0.9

Q5 124 22.2 (2.6) 0.2 −0.5, 1.0

Waist (cm)

Q1 126 82.2 (9.7) 1.2 −1.3, 3.6

Q2 138 80.9 (8.5) 0.4 −2.0, 2.8

Q3 136 80.5 (1.1) Reference

Q4 128 82.6 (1.2) 1.9 −0.4, 4.2

Q5 123 81.5 (9.4) 1.0 −1.5, 3.5

Systolic BP (mmHg)

Q1 73 108.6 (10.3) −2.9 −5.6, -0.2

Q2 101 108.3 (11.1) −2.2 −4.9, 0.4

Q3 84 110.8 (11.8) Reference

Q4 83 110.5 (9.5) −1.0 −3.7, 1.7

Q5 84 111.6 (10.5) 0.9 −1.8, 3.7

Diastolic BP (mmHg)

Q1 73 66.1 (7.2) −0.8 −2.8, 1.3

Q2 101 64.6 (6.7) −1.6 −3.6, 0.5

Q3 84 66.1 (6.1) Reference

Q4 83 65.5 (6.5) −0.8 −2.8, 1.3

Q5 84 65.8 (7.2) −0.2 −2.3, 1.9
aRange of T4 concentrations in the different quartiles among mothers with offspring 
participating in the follow-up: Q1 (9.15–12.57 pmol/l); Q2 (12.58–13.40 pmol/l); Q3 
(13.40–14.13 pmol/l); Q4 (14.13–15.00 pmol/l); Q5 (15.03–22.36 pmol/l). bAdjusted for 
maternal prepregnancy BMI, maternal education, smoking during pregnancy, maternal 
age, parity, maternal dietary iodine intake, and sex.
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offspring. Also, a low maternal TSH was associated with a 
lower diastolic blood pressure. The discrepancies between 
the two studies could be related to the different age of the off-
spring. Hence, the consequences of being exposed to subclini-
cal thyroid disease during fetal life may not have manifested in 
the young offspring yet.

In conclusion, our data support the hypothesis that maternal 
subclinical thyroid dysfunction during pregnancy is associated 
with increased blood pressure in the offspring. An association 
that could be the result of maternal thyroid hormone levels 
interfering with fetal hypothalamic development. If indeed 
maternal thyroid disease is associated with offspring long-term 
cardiovascular function, screening, and treatment of pregnant 
women for modest thyroid dysfunction could be a relatively 
cheap and easily implemented strategy for the prevention 
of cardiovascluar disease in the offspring. However, limited 
evidence still exists and the present study should be seen as 
hypothesis generating. Therefore, larger studies are needed 
before firm conclusions can be drawn.

METHODS
The study followed-up a birth cohort established in Aarhus, Denmark 
from April 1988 until January 1989 (DaFO88 cohort). A total of 965 
pregnant women, representing 80% of a consecutive sample of 1,212 

women attending routine antenatal care at a specific antenatal care 
centre in the city, were included in the study. The women filled out 
a self-administered dietary questionnaire 1 wk prior to the sched-
uled antenatal visit in week 30 of gestation, and provided consent 
was given, a supplementary face to face interview was undertaken 
after the visit. Also in connection with the visit, a blood sample was 
obtained, processed, and stored at −20 °C. The mean age of the par-
ticipating women was 29 y.

A total of 915 (95%) mother and child dyads were alive, living in 
Denmark and could be identified in the central registration registry in 
2008–2009 where the offspring from DaFO88 were invited for follow-
up at age 19–20 y. The offspring were contacted and asked to complete 
a self-administered web-based questionnaire concerning anthropo-
metric measures, health, and lifestyle. Additionally, they were invited 
to take part in a physical examination. A sufficient amount of serum 
for thyroid hormone analyses was available for 877 mothers in 2015. 
Of the 877 offspring of mothers with exposure information, a total of 
663 (76%) filled out the questionnaire and 425 (48%) participated in 
the clinical examination (Figure 1).

Exposure Assessment
Maternal concentrations of TSH and free T4 were quantified in 
2014 from serum collected in gestational week 30 of pregnancy on 
a Dimension Vista automated immunoassay (Siemens Healthcare 
Diagnostics, Germany) using luminescent detection and LOCI tech-
nique. For TSH, the manufacturer reference range was 0.358–3.74 
mIU/l, functional sensitivity 0.005 mIU/l, analytical measurement 
range 0.005–100 mIU/l, and interassay CV 2.30–3.06% for five con-
centrations in the range from 0.39–76.5 mIU/l. For free T4, the manu-
facturer reference range was 9.8–18.8 pmol/l, analytical measurement 
range 1.3–103 pmol/l, and interassay CV 1.57–2.81% for five concen-
trations in the range from 9.7–82.2 pmol/l. For both, TSH and free T4 
internal and external controls were included. Offspring TSH and free 
T4 was analyzed from fasting blood samples collected at the time of 
follow-up using the same method.

The thyrotropic activity of human gonadotropin causes a decrease 
in serum TSH most pronounced in the first trimester of pregnancy 
and it has been recommended to use trimester-specific reference 
ranges in pregnancy. Therefore, according to guidelines from the 
American Thyroid Association (27), mothers were categorized as 
being either hypothyroid/subclinical hypothyroid (TSH > 3.00 mIU/l 
and free T4 within or below reference levels), hyperthyroid/subclini-
cal hyperthyroid (TSH < 0.36 and free T4 within or above reference 
levels) or euthyroid (the remaining women).

Outcome Assessment
The offspring gave self-reported information about height, weight, 
and waist circumference in the web-based questionnaire. Blood pres-
sure was measured at the physical examination which was performed 
by trained personal. Following 7 min rest, blood pressure was mea-
sured three times (2 min apart) with an automatic blood pressure 
device (OMRON M6 Comfort (HEM-7000-E), Omron Healthcare 
Europe, the Netherlands). The mean of the last two measurements 
was used in the analyses.

Statistics
Multiple linear regression analyses were used to estimate the asso-
ciation between maternal thyroid function and self-reported BMI 
and waist circumference as well as clinically measured systolic and 
diastolic blood pressure. In the primary analyses, maternal thyroid 
function was categorized as subclinical hypothyroidism, euthyroid-
ism, or subclinical hyperthyroidism. In additional analyses, maternal 
thyroid function was categorized according to quintiles of either TSH 
or T4 based on the entire study population with the third quintile as 
reference.

Potential confounders were identified a priori and the follow-
ing covariates were included in the fully adjusted model: Maternal 
prepregnancy BMI (< 5% missing), age (<2 % missing), parity (<2% 
missing), education (7–9% missing), smoking during pregnancy  
(< 6% missing), and dietary iodine intake during pregnancy, estimated 
from the dietary questionnaire in week 30 of gestation (< 2% missing). 
In addition, sex of the child was considered a strong predictor for the 

Figure 1.   Flowchart for the DaFO88 Cohort, Aarhus, Denmark 
1988–2009.

Pregnant women scheduled to attend routine
antenatal care in gestational week 30 at a

midwife practice in the city of Aarhus,
Denmark, April 1988-January 1989

Not willing to participate n = 247

Missing maternal identification
number n = 5

Lost to follow-up (dead or
emigration) n = 42

Multiple pregnancy n = 2

No maternal blood sample n = 38

No follow-up on child n = 210

Missing child identification
number n = 1

n = 1,212

Women enrolled in the DaFO88 cohort

n = 965

Mother-child pairs in the initial study

n = 959

Mother-child pairs at follow-up with
measurement of maternal TSH and FT4 at

inclusion

n = 877

Mother-child pairs at follow-up with
outcome assessment

n = 667

Outcome
self-reported

only

n = 242

Outcome 
self-reported &

from clinical
examination

n = 403

Outcome 
from clinical
examination

only

n = 22
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outcomes and was also included in the model (0% missing). 10–12% 
of participants had missing information on at least one covariate. 
Since the subclinical hyperthyroid and hypothyroid exposure groups 
were relatively small, overadjustments could cause unstable estimates 
and an additional model only adjusting for sex and maternal prepreg-
nancy BMI was included. Only participants with complete informa-
tion on covariates were included in the main analyses.

Due to the relatively high loss to follow-up, sensitivity analyses were 
performed using multiple imputation. Assuming the values missing 
were missing at random, values were imputed based on sex, mater-
nal prepregnancy BMI, parity, maternal smoking during pregnancy, 
maternal education, and offspring birth weight. In addition, the 
imputation of blood pressure was also based on self-reported height 
and BMI. Additionally, sensitivity analyses were run using clinically 
measured anthropometrics.

To investigate whether a potential association between maternal 
thyroid function and offspring adiposity and blood pressure could 
be mediated through offspring thyroid function, additional analyses 
were run adjusting for offspring TSH or T4.

Ethics
All procedures involving human subjects were approved by the local 
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